) aerobic wetland was constructed as a passive treatment system. Over the 34-month monitoring period, the acid loading to the receiving stream was reduced by 88 % with a corresponding increase of 111 % in alkalinity. The iron and manganese loading to the receiving stream was reduced by 91 % and 57%, respectively.
Introduction
During the last two decades, a variety of passive treatment technologies have been developed to treat acid mine discharges. These primary passive treatment systems include constructed wetlands, anoxic limestone drains (ALD), vertical flow wetlands (VFW), limestone ponds, and open limestone channels (OLC). numerous studies (i.e. Hedin 1989 , Brenner et al.1993 , 1995 , Brodie 1993 , Hellier et al. 1994 , Stark et al. 1994 , Kleinmann 1998 have demonstrated the effectiveness of 1 Paper presented at the National meeting of the American Society for Surface Mining and Reclamation, Scottsdale, Arizona, August 13-19, 1999. 2 Fred J. Brenner is Professor of Biology, Grove City College, Grove City, PA 16-127. Patrick Pruent is a geologist with Copple-Rizzo and Associates, New Castle, PA 16102. 584 wetlands in removing metal from acidic mine discharges. But, the effectiveness of these systems decline when mine sites have a net acidic discharge. Many of these passive treatment systems, therefore, often include a combination oflimestone drains or channels to increase alkalinity, settling basins for precipitated Fe floes and a series of aerobic wetlands for the additional removal of Fe and Mn (Brodie 1993) . Although ALDs are effective in reducing acidity and removing metal from acid discharges, elevated aluminum concentrations may precipitate to clog the drain so that the system is no longer functional in treating AMD. This problem, however, does not occur with open limestone channels (OLCs) designsigned to introduce alkalinity into acidic discharges by limestone dissolution (Ziemkiewicz 1994) . It is often assumed that the amorization of limestone by Fe and Al hydroxides decreases its effectiveness in reducing the acidity. But
Proceedings America Society of Mining and Reclamation, 1999 pp 584-591 DOI: 10.21000/JASMR99010584 Ziemkiewicz et al. (1997) reported armored limestone to be 50 to 90 % as effective in neutralizing acid as unarmored limestone, while seven OLCs reduced acidity in mine discharges from 4 to 62%. Other studies (Pearson and McDonnell 1975, Ziemkiewicz et al. 1994 ) demonstrated that armored limestone continues to dissolve after coating at between 20-50% of that of unarmored limestone. Skousen ( 1997) suggested that utilizing OLCs in conjunction with other passive systems can maximize treatment and metal removal. Therefore, because of the potential problem with aluminum precipitate ( 4-6 mg/I) in ALDs, OLCs were incorporated in an aerobic wetland sysstem to treat acid discharges at the Carpentertown Coal and Coke Company site located in Pine and Boggs Township in Annstrong County in southwest Pennsylvania.
The Carpentertown Coal and Coke company operated drift mines and a cleaning plant on the site from the early 1970s until December, 1987, but the cleaning plant continued to operate until the company declared bankruptcy in June 1989. The Mahoning Creek No 1 Mine was opened in the early 1970s and operated until the Mahoning Creek No 2 Mine was permitted in 1983, which operated until December 1987 when the mine was sealed. In December 1994, the company was issued a coal refuse permit to operate a 2 hectare ( 5 acre) coal refuse disposal on the site which was re-issued in October 1991. Although no acidic discharges resulted from either of the Mahoning Creek mines (Table I) ) aerobic wetland was designed to treat the discharges from the reclaimed mine site. The wetland was divided into two cells with limestone rip rap between each of the cells to provide alkaline addition. The wetland discharged into a previously existing 138 m 2 (1500 ft 2 ) cement retention basin and then into Scrubgrass Creek (Fig. I) . Seven of the eight discharges were collected into the OLC and the remaining seep discharged into a limestone rip rapped 236 m (780 ft) intermittent stream channel with 4 limestone gabons placed in the channel at approximately 76m (250 ft) and 91m (300 ft) intervals along the channel (Fig  1) . The size of the wetland was based on metal loading according to the criteria proposed by Hedin (1991) where: wetland size m 2 = iron load/ 10 + manganese load I 0.5. According to these criteria, a 1030 m 2 (11,236 ft 2 ) wetland would be required to treat the 8 discharges occurring on the site; however, in order to insure adequate treatment, the size of the wetland was increased by 48.8% to provide for a total retention time of 41 days within the wetland system. The wetland substrate conisted of 30 cm (12 inches 
Results and Discussion
Upon completion of the Open Limestone Channel (OLC), the pH of the collected discharges increased from a mean of 4.38 to 5.05 (15.3 %), along with a corresponding decline of 63 .4 % in acidity (X 154 to 56.3) and the addiition of 26 .3 mg/1 of alkalinity to the discharge. Once the acidic discharges entered the OLC, it was not possible to sample each discharge before and after treatment within the system. After the first year the pH of the discharge from the OLC prior to entering the constructed wetland increased from 4.68 to 5.25 (12.1%), but the acidity and alkalinity of the discharges entering the wetland did not vary among the three years of study (Table II) . Although the effectiveness of the OLC and aerobic wetland varied seasonally, as well as among the three years of the study, the passive treatment sys- (Table III) . Although the limestone in the channel became armored over the three years, it remained effective in reducing the total acidity of the discharge. Over the three years of monitoring, the system was effective in removing over 91 % and 57% of the iron and mangan- ese, respectively, from the discharge. The total iron was reduced from an average of 6. 6 mg/I to O. 7 mg/I after treatment and manganese was reduced an average of 6.6 mg/I (X = 11.5 to 4.9 mg/I) after passing through the wetland system. The system was also effective in reducing suspended solids with an average decrease of 58% (24.8 to 12.3 mg/I), which is an additional benefit of the system as designed.
Although there was not a seasonal variation in acidity, alkalinity or iron and manganese concentrations in the discharges entering the wetland during the winter months, alkalinity production and metal removal was
